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EXECUTIVE SUMMARY

The interactions between the key processes that control the fate and transport of mercury (Hg) in the
sediments, groundwater, and stream water within the Y-12 National Security Complex (Y-12) in Oak
Ridge, Tennessee are complex, and many aspects are not well understood. In contaminated environments
such as Y-12, conceptual models are frequently developed to aid in visualizing and understanding the
dynamic nature of the hydrologic, geochemical, and physical environment. These conceptual models
integrate data in an internally consistent manner to understand processes that control the fate and transport
of contaminants. Over the past few decades of environmental investigation at Y-12, a number of
conceptual models have been developed to identify and define various technical processes at various
scales.

The main purpose of the activities described in this report is to update the 2011 conceptual model for
Upper East Fork Poplar Creek using the most recent Hg concentration and flux data and informed
scientific interpretation. Emphasis was placed on improving the previous model by implementing a more
detailed spatial and temporal approach to visualize transport pathways in the watershed and trends in flux
and concentration over time, and to compare baseflow and stormflow system dynamics. Detailed
descriptions of historical and current Hg sources and transport pathways are also provided for the east and
west ends of the facility. This conceptual model will allow the US Department of Energy to evaluate past
and present remedial activities and provide a strong technical basis for prioritizing and optimizing
remedial responses in a cost-effective and efficient manner.

Twenty years ago, Hg flux from Outfall (OF) 200 at the headwaters of East Fork Poplar Creek
represented approximately 20% of the overall flux leaving Y-12. By the time of the 2011 conceptual
model report, that percentage had increased to 70%—80%. Flux estimates compiled for this report using
data from 2009 to 2018 show that OF200 accounted for roughly 60% of the flux leaving Y-12. The
relative role of the four storm drain conduits to OF200 appeared similar to 2011, with OF163 being the
greatest contributor to downstream flux. An increase in Hg concentrations and flux occurred throughout
and downstream of west end storm drains in 2011 in response to a storm drain cleanout.

Leading up to the 2011 storm drain cleanout, annual baseflow flux was higher at OF200A6 than at
Station 17. From 2011 to 2018, the trend reversed with concentrations and flux being higher at Station 17
than at OF200A6. A spike in concentrations occurred in July 2018, potentially due to a one-time influx of
Hg that occurred during COLEX decontamination and decommissioning activities at Y-12.

This report includes recommendations for improving our conceptual understanding of Hg sources,
transport pathways, and flux at Y-12. Important recommendations include further evaluation of transport
pathways, concurrent measurement of Hg concentration and flux under baseflow and stormflow
conditions at multiple sites, and research to understand the connections among periphyton and
methylmercury concentration, bioavailability, and bioaccumulation.

Ongoing facility decontamination and decommissioning efforts, site characterization, remedial actions,
and research are facilitating the collection of new Hg data at Y-12. The conceptual model update provided
herein takes advantage of the extensive recent Hg sampling to provide an updated assessment of Hg mass
balance and support a refined understanding of Hg behavior at or near Y-12. This assessment should
assist in future environmental management decisions and in mitigating the impacts of Hg on the
surrounding environment.

vii



1. INTRODUCTION

Releases of mercury (Hg) during operations at the Y-12 National Security Complex (Y-12) during the
1950s and early 1960s resulted in contamination of soil and groundwater within the facility, and
subsequent transport from these sources resulted in contamination of East Fork Poplar Creek (EFPC) and
the surrounding floodplain. Remediation efforts, which began in the 1980s, have reduced waterborne Hg
concentrations within Y-12 and in the EFPC ecosystem, but elevated levels of Hg remain in the soil,
sediment, water, and biota. The hydrologic, geochemical, and biotic interactions between the subsurface
and surface water system processes that control the fate and transport of Hg near the facility are complex,
and although significant progress has been made through monitoring and research, much is left to be
understood.

Conceptual models are diagrams or narrative descriptions used to inform decision makers and the public.
They are often used in environmental management to summarize the current state of understanding and
highlight key knowledge gaps. Such models can help focus stakeholders on the key processes and factors
important to effective decision-making and influence future monitoring, prioritization of further remedial
actions, numerical modeling efforts, and decisions concerning the need for further research.

Importantly, conceptual models can provide clarity in understanding limited or complex data and can help
identify data gaps and convey uncertainty. Conceptual models have been used to visualize and understand
the complex Hg processes at Y-12; a compendium of historical conceptual models and diagrams used to
describe the Hg situation at Y-12 and/or in EFPC was summarized by Peterson et al. (2011).

Since the conceptual model of primary Hg sources, transport pathways, and flux at Y-12 and upper EFPC
(UEFPC, Figure 1) was developed in 2010 (Peterson et al. 2011), multiple actions have been conducted at
Y-12 that have affected instream Hg transport and fate. A major storm drain cleanout within the West End
Mercury Area (WEMA) was completed in 2011, and flow augmentation to the creek was discontinued in
2014. Both actions have resulted in major changes in Hg concentration, flux, and even the speciation of
Hg in the creek. New surface water sampling sites have also been added in recent years as part of the
UCOR (URS | CH2M Oak Ridge LLC) Water Resource Restoration Program, so a richer UEFPC surface
water data set is available to use for conceptual model development. Finally, new spatial data sets derived
from recently collected LiDAR data have been developed and can now be integrated into conceptual
model development.

An update of the conceptual model for Hg within Y-12 and UEFPC is timely. First, as stated previously, a
significant amount of new information is available to refine and update the model. Second, an
understanding of current conditions can provide an important key baseline by which the performance of
the future Mercury Treatment Facility (MTF) at Outfall (OF) 200 can be evaluated after it begins
operating. A reevaluation of Hg source areas, processes, likely flow paths, and flux into the creek at Y-12
is needed for effective environmental management and site closure decision-making relative to Hg
contamination. Furthermore, the US Department of Energy (DOE) is concerned that remediation and
construction activities during decontamination and decommissioning (D&D) could induce changes in
subsurface flow paths, resulting in unintended short-term releases and increased Hg concentrations in
surface water. D&D efforts have been ongoing at Y-12 since the previous conceptual model report.

The primary objective of this update is to improve upon the previous model by implementing a more
detailed spatial and temporal approach to visualize transport pathways in the watershed and trends in flux
and concentration over time, and to compare baseflow and stormflow system dynamics. This work builds
on numerous previous conceptual models aimed at understanding the Hg source and transport pathways at
Y-12 and uses the previous conceptual model (Peterson et al. 2011) as a starting point. Using both
historical and recent data, this report provides an evaluation of Hg mass balance and supports a refined



understanding of Hg behavior at or near Y-12 to assist in environmental management. A general overview
of watershed characteristics and history is presented, followed by a review of the previous conceptual
model, model updates and refinements, detailed descriptions of historical and current Hg sources and
transport pathways, and conclusions and recommendations.



2. PHYSICAL AND HYDROLOGIC SETTING

Y-12 is an industrial facility that has operated since the 1940s and consists of buildings and infrastructure
in Bear Creek Valley. Significant quantities of Hg have been released from the Y-12 facilities into the
environment, including an estimated 193,000 kg to soil and 128,000 kg to EFPC by 1963 (ChemRisk
1999; Brooks and Southworth 2011). The major Hg use buildings and Hg treatment systems found within
Y-12 in the context of transport pathways, outfalls, and underlying lithology are shown in Figures 1-3.
Transport pathways may include historical stream and tributary channels, overland flow, process
discharges, storm drains, and diffuse subsurface channels. Significant work was done for this report to
geo-reference storm drain lines since the historic stream channels within the UEFPC watershed were
piped and then filled during facility construction in the 1940s such that the stormwater infrastructure
serves as the tributary system to UEFPC. A LiDAR digital elevation model of the UEFPC watershed was
reconditioned to incorporate storm drain lines and historic stream channels into a surface model that could
be used to estimate contributing drainage areas to outfalls for visualization and analysis of flux and
transport of Hg.
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Because of the high level of impervious surface cover in the UEFPC watershed, the creek responds
quickly to rainfall events and flows increase rapidly throughout the creek after rainfall (Figure 4). A
visual review of creek flow response to different rainfall amounts indicates that in general, daily flows in
the creek within the UEFPC watershed undergo a detectable increase when daily rainfall amounts exceed
0.5 in. Thus, a daily rainfall cutoff of 0.5 in. was used to distinguish between baseflow and stormflow
conditions for this report. Examination of the median daily flow at significant outfalls throughout the
watershed compared with flows at Station 17 (Figure 5) shows that OF200A6 (which serves as an
integration point for contamination leaving WEMA) contributes roughly 31% of the flow at Station 17
during baseflow conditions. OF150 and OF169A contribute the majority of flow at OF200A6 during both
baseflow and stormflow. During stormflow conditions, discharge increases throughout the storm drain

network and significant increases in contributions to flow at Station 17 are observed at major storm drain
OF21 and OF109.
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Figure 6 shows a simplified graphic of the major physical features affecting Hg processes and transport at
Y-12. The graphic depicts key features of subsurface physical structure and contaminant transport-release
pathways within Y-12 and the UEFPC area. The subsurface beneath Y-12 consists of a layer of
unconsolidated saprolite or fill overlying fractured and folded bedrock formations of shale and limestone
that characterize the geology of the regional ridge and valley topography. The thickness of the
unconsolidated material varies from a few feet to nearly 30 ft in the north-central area of the complex.
Most facilities in WEMA are located on the low-permeability Nolichucky Shale formations. The 81-10
site (Figure 2) and part of 9201-2 (Figure 3) lie on the much more permeable and karstic Maynardville
Limestone (Figure 1). The groundwater level ranges from less than 5 to 10 ft below the surface near
UEFPC to more than 30 to 40 ft below the surface in upland areas.
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3. REVISITING THE 2011 CONCEPTUAL MODEL

The following are key conclusions from the 2011 conceptual model report:

e  Of the known Hg inputs into UEFPC, OF200 was by far the most important source of Hg to creek
water. Depending on flow conditions, OF200 represented approximately 70%—80% of the flux
observed at Station 17.

e Baseflow Hg flux from some WEMA outfalls (especially OF163) and OF200 appears to have
increased from pre—Record of Decision levels in 2000. However, flux is highly variable and
weather/flow-dependent, and higher fluxes have been observed before and after the 2000 assessment.

e Flux from OF150, OF160, OF163, and OF 169 likely accounted for most, if not all, of the flux at
OF200. Sediments within the north/south (N/S) pipe have not been sampled for Hg but are unlikely to
be a major source.

e Under baseflow conditions, stream sediment provides the second most important continuing source of
Hg into creek water upstream of OF109. Flow management appears to have increased flux from this
sediment source.

e Big Springs Water Treatment System (BSWTS) successfully removed approximately 2—3 g/d of Hg
that entered UEFPC prior to BSWTS startup, as well as substantially reduced the average Hg
concentration in the creek.

e Little direct evidence is available to establish that high Hg soil areas at 81-10 and Alpha 2, or low Hg
sites at the far west end of the facility in or around the Old Salvage Yard, are sources of Hg to the
creek.

Comparisons with past Hg conceptual models and Hg dynamics are useful in understanding how
conditions and assumptions have changed over time. An updated version of the conceptual model
diagram developed by Peterson et al. (2011), which represents an average flux during both baseflow and
stormflow conditions, is shown in Figure 7. Fluxes where new data exist are highlighted. Figure 7
consolidates knowledge about Hg sources at Y-12 and provides summary information on the transport of
Hg through the system, including the approximate magnitude of flux. In this conceptual model, the bulk
of the Hg mass is present in a variety of potential primary source locations. Over time, Hg is released
from these primary sources via physical (e.g., diffusion and advection) or chemical (e.g., oxidation and
complexation) processes. This Hg can enter one of the transport pathways (which may also contain
metallic Hg acting as a primary source) and is subject to migration and potential discharge to the
surrounding environment and potential on-site and off-site receptors. The primary sources each represent
a “reservoir” of elemental Hg (Hg(0)) and/or particle-bound Hg and have historical linkages to a known
release. Such primary source areas include the storm drain system, the solution cavity (karst) system,
streambed sediments, buildings, sumps, footers, process pipes, tanks, and Hg nonaqueous-phase liquid
collection zones in the subsurface. Some of these reservoirs are at or near the original release locations
and some are distributed along transport paths (e.g., metallic Hg in solution cavities and storm drains).
Figure 7 also provides basic information about the spatial connection of the identified sources and
transport pathways (including building and outfall designations).
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4. CONCEPTUAL MODEL REFINEMENTS

The goal of this conceptual model update report is to analyze, summarize, and interpret Hg and
methylmercury (MeHg) concentration and flux data collected since the 2011 conceptual model report.
This update incorporates new data from multiple projects and funding sources, including the Mercury
Technology Development project and the Oak Ridge National Laboratory Mercury Science Focus Area.
Much of the flow and concentration data was downloaded from the Oak Ridge Environmental
Information System. The primary objectives of this update are to improve upon the previous model by
implementing a more detailed spatial and temporal approach to visualize transport pathways in the
watershed and trends in flux and concentration over time, and to compare baseflow and stormflow system
dynamics. The delineations and visualizations of the outfall drainage areas shown in Figures 1-3 add
critical context to Hg dynamics in the UEFPC watershed and are an important component of this
conceptual model update report. This update provides an interpretation of current conditions and should
not be confused with output from a numerical modeling effort. A comprehensive, concurrent sampling of
storm drains and transport pathways throughout Y-12 and UEFPC does not exist. Therefore, the analysis
and interpretation of recent data presented herein uses sampling results from different years, often
collected and analyzed using different methods and sampled during varied flow regimes.

An examination of total Hg concentrations from 2009 through 2018 (Figure 8) shows the highest
concentrations in surface water across the UEFPC watershed continued to be in WEMA outfalls,
especially OF163 and OF160. The Central Mercury Treatment System (CMTS) and BSWTS effluent
discharges had the lowest overall concentrations. An increase in concentrations was observed throughout
and downstream of the WEMA in 2011 in response to a storm drain cleanout, which is consistent with
previous spikes following storm drain cleanouts. 2011 was also the year with the highest rainfall. The
other noteworthy spike in concentrations occurred in July 2018, which appears to be the result of a one-
time influx of Hg that occurred during a D&D event at Y-12. As mentioned previously, stream sediment
between C11 and OF109 was thought to provide the second most important continuing source of Hg from
the east end of Y-12 (the East Plant Area) into creek water during baseflow conditions. Flow
augmentation was thought to have increased flux from this sediment source, but more data are needed to
assess the impact of discontinuing flow augmentation on flux as no clear trend has been observed since it
was discontinued. A noticeable increase in Hg concentrations occurred at instream monitoring point
UEFPC at OF125 immediately after flow augmentation was stopped. UEFPC at OF125 is the monitoring
point with the most complete data record between 2009 and 2018 that lies in between the flow
augmentation creek input and OF109.

11
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Because Hg flux can vary considerably depending on flow, interpretation of instantaneous results (e.g.,
grab samples) under various flow regimes over space and time can be difficult. For many of the storm
drain sites, grab sample data were the only information available. Most previous sampling has been done
at dry-weather baseflow, with less understanding of stormflow flux. Calculations of flow under wet-
weather conditions can be challenging, particularly in storm drains with poor access. An attempt was
made to compare baseflow flux with stormflow flux using a daily rainfall total threshold of 0.5 in. to
distinguish the two conditions. Some of the samples used to calculate stormflow flux could have been
collected before that day’s rainfall event. Since thousands of samples were collected over the 10-year
period included in this model update effort, no attempt was made to compare timing of sample collection
and rain events. Nevertheless, we wanted to visualize and interpret stormflow fluxes, so we elected to
calculate baseflow and stormflow fluxes separately.

The variability in estimated Hg flux over time, location, and flow conditions is well demonstrated by the
results presented in Figures 9-11. The largest flux during both baseflow and stormflow conditions
occurred at OF163 in 2011 following the storm drain cleanout (Figure 9). Leading up to the storm drain
cleanout, annual baseflow flux was higher at OF200A6 than at Station 17. Following the storm drain
cleanout, this trend reversed until 2018. Annual stormflow flux was always higher at Station 17 than at
OF200A6, with OF200A6 contributing on average 61% of the storm flux calculated at Station 17 from
2009 to 2018.
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Figure 9. Annual Hg flux over time at key monitoring locations. (A) Baseflow and (B) stormflow. Labels show count of data values used in calculation.



Both fluxes and concentrations of total Hg are important to achieving long-term remediation goals at
Y-12. Prioritizing areas to target for remediation based on flux is practical in the near term, but regulatory
agencies are also concerned with concentration. Thus, outfalls with low flow or low flux will become
more important over time as major fluxes are reduced. For example, current efforts to reduce flux may
concentrate in OF163 and once that source is eliminated, resources could then be focused on OF169A and
OF150 (Figure 10). The cumulative effect should be substantial decreases in Hg flux from OF200A6 and
OF200, permitting resources be devoted to in-stream sources in the reach between C11 and OF109.
Figure 11 shows average concentrations for outfall and EFPC mainstem sampling locations from 2009 to
2018 for baseflow and stormflow. The highest concentrations were detected at WEMA outfalls, but
significant concentrations were detected in numerous East Plant Area outfalls, which will become more
important after MTF becomes operable decreasing Hg concentration and flux originating from OF200.
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Figure 10. Average total Hg flux from 2009 to 2018 at key monitoring locations. (A) Baseflow and
(B) stormflow. Labels show count of data values used in calculation.

Mainstem Outfalls

556

UEFPCAT OF 109

g OF 160

(G UEFRCAT OF 114 BSWTSOV 4,076
Baseflow 20,116 3,182
(daily

rainfall <0.5 ”EFPEATOF“GZ

: 4,440
inches) ST.IS

17

(8)
Stormflow
(daily
rainfall
>=0.5
inches)

UEFPCAT OF 114
10,454
OF 014

0F051 i A 4
ss6
7,790 SF
OF 160

Hg flux (g/day)

2811
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While much less MeHg data have been collected over the several decades of environmental assessment
and remediation activities at Y-12, MeHg has emerged as an important indicator in recent years since it is
absorbed into the body of fish much more easily than inorganic Hg (Hg(I)), and Hg concentrations in fish
have not decreased in conjunction with waterborne Hg reductions. The highest MeHg concentrations in
recent years have been detected at WEMA outfalls OF163 and OF169 in 2012 and at mainstem
monitoring location EFK 24.4 in 2017 (Figure 12). The highest MeHg fluxes appear to have occurred at
Station 17 and EFK 24.4 (Figure 13), but limited data are available and further assessment is needed to
discern trends in MeHg concentration and flux.

[MeHg] (ng/L)

Figure 12. Methylmercury concentration over time at key monitoring locations. Labels show count of data
values used in calculation. Color is proportional to MeHg flux (see figure legend).
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Figure 13. Methylmercury flux over time at key monitoring locations. Labels show count of data values used in
calculation. Color is proportional to MeHg concentration (see figure legend).
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5. MERCURY SOURCES AND TRANSPORT PATHWAYS

For context, detailed descriptions of the principal Hg source areas, contaminant migration pathways, and
discharge points for WEMA and the East Plant Area are provided in this section. The relative importance
of source areas has changed over time as various facility modernization, D&D, and remedial efforts have
been implemented. Additional changes are expected in the future, including the construction of MTF,
which will capture Hg-contaminated water from OF200 for treatment.

5.1 WEST END MERCURY AREA

In general, WEMA is defined as the area of Y-12 west of OF200 and east of the Old Salvage Yard
(Figure 2). It comprises several large buildings that housed Hg use processes, with surrounding
contaminated soils most often under overlying concrete or asphalt pavement. A storm drain system
connecting pipes of different ages transports water from buildings and other impervious areas to OF200,
where the creek exits the storm drain system.

5.1.1 WEMA Buildings

Facilities in WEMA (Figure 2) that handled Hg include Buildings 9204-4 (Beta 4), 9201-5 (Alpha 5), and
9201-4 (Alpha 4). These facilities now contain contaminated process equipment, legacy material, and
portions of facility structures that are contaminated. A large percentage of the known 193,000 kg of Hg
lost to soil at Y-12 was the result of historical spills (in the 1950s to 1960s) in WEMA (ChemRisk 1999).
Significant but unknown quantities of metallic Hg were spilled to floor drains and basements in the
buildings and on soils, engineered backfill, and bedrock surrounding the buildings. The lower portions of
building foundations, basements, and surrounding fill, soil, and bedrock that are below the regional
groundwater table are also contaminated with Hg.

The piping systems inside the buildings contain residual Hg that was spilled into the floor drains or
discharged from building sumps. Metallic Hg in the pipes is dissolved and transported into process and
storm water that is routed through the pipes to the storm drain system. Evidence suggests continued
migration of metallic Hg from the piping associated with the buildings to the storm drain system, but
there is a high level of uncertainty as to its relative magnitude.

Groundwater adjacent to and under the buildings is collected into sump-pump systems. Sump pumps
within the basements of 9201-4 and 9201-5 discharged directly to the storm drain network until 1996,
when CMTS was completed. The sumps added 5-10 g of Hg per day to OF163, but output was reduced to
2.5 g/d by the removal of inputs of chlorinated process water and steam condensate to the system (BJC
1999). Sump operation induces groundwater flow through metallic Hg—contaminated soil around building
foundations. These actions may generate highly contaminated water similar to that expected to occur
within sediments and footers underlying the storm drain system. A methanol spill in a sump in 9201-5 in
December 2005 rendered the output from sumps in that building untreatable at CMTS, and subsequently,
all pumps in 9201-5 were shut down and the basement was allowed to fill with water.

Remedial activities to address flux from residual contamination within the buildings as part of the
Reduction of Mercury in Plant Effluent Program and other programs have included plugging floor drains,
rerouting some piping, cleaning out sumps, and generally reducing the amount of water moving through
the building and into storm drains (Rothschild et al. 1984, Turner et al. 1985). These activities have
significantly reduced the flux of Hg discharging to the storm drain system, although much of the Hg
remains in place.

17



5.1.2 'WEMA Storm Drain System

Sources of Hg to EFPC were extensively investigated in the early 1980s to guide efforts to reduce Hg
inputs to EFPC under the Reduction of Mercury in Plant Effluent Program (RMPE; Rothschild et al.
1984, Turner et al. 1985). One conclusion of these studies was that “mercury discharges arise largely
because residual deposits of metallic mercury in the drainage system are being slowly solubilized or
resuspended by uncontaminated groundwater and process water which flows through the system” (Turner
et al. 1985). Another important conclusion was that “mercury [in groundwater] does not appear to be
moving in significant quantities in an aqueous phase” (Rothschild et al. 1984). Measurements of base
flow Hg export indicated that the largest sources were the storm drain systems draining Buildings 9204-4
(55 g/d), 9201-5 (40 g/d), and 9201-4 (25 g/d), and the Building 81-10 site (30 g/d). Cleaning and relining
extensive sections of the storm drain systems draining the 9201-4, 9201-5, and 9204-4 sites and rerouting
clean water that previously entered those storm drain segments eliminated more than 90% of the Hg
export previously associated with those sites. These actions resulted in a cumulative mean daily flux of
7.5 g/d through OF169, OF163, OF160, and OF150 from 1993 to 2003 (DOE 2004). The 2009 WEMA
storm drain project and 2011 storm drain cleanout conducted extensive video surveys, Hg analyses, and
additional cleaning/relining of storm drain lines within WEMA. As in other surveys, the results pointed to
the importance of the 9201-4 area and near-building storm drain sources to OF163 and OF150.

The north storm drain line into the E-3320 catch basin (i.e., E-3250 in RMPE reports) was a major source
of Hg (2-3 g/d) to OF169 in the 1990s. A collection line inserted into the north drain line of E-3320 in
1998 captured much of the dry-weather flow from this line and routed it to CMTS (BJC 1999, BJC 2000).
After the discontinuation of routing this water to CMTS, the flow pattern just upstream of this catch basin
changed. Although WEMA storm drain remediation sampling did not identify Hg flux at the OF169
location near the E3320 catch basin, 2010 sampling at E-3249 (just north of E-3320) revealed total Hg of
25 pg/L and sufficient flow to collect a large volume of water. Although OF163 appears to be a more
important contributor than OF169 to OF200 Hg flux in recent years, OF169 likely remains an important
contributor of Hg to overall WEMA flux. In 2015, the OF169 sampling location was replaced by
OF169A, located approximately 120 ft downstream in the storm drainpipe.

In the late 1980s, the main storm drain conveyance for EFPC—into which the WEMA outfalls
discharge—was plugged and replaced with a new pipe located several meters to the north. The south pipe
was removed as a source of Hg to UEFPC, resulting in elimination of approximately 30 g/d of Hg to the
EFPC headwaters. By the early 1990s, metallic Hg sources within the WEMA storm drain system were
considered the major source of dissolved Hg to west end surface waters.

Metallic Hg submerged in water is subject to direct dissolution of elemental mercury (Hg(0)) and
oxidative dissolution of inorganic mercury (Hg(Il)) at the metal-water interface. Mercury concentrations
in excess of 50 pug/L have been measured in interstitial water at a localized site in UEFPC, where metallic
Hg deposits underlie armored soft sediments. This site is believed to be a significant source of Hg to the
surface flow of EFPC (BJC 1998). We are nearly certain that a similar phenomenon occurs within the
storm drain network upstream; residual Hg in the footer, backfill, and gravel deposits within the pipe is a
likely source to water. Positive hydrostatic pressure from groundwater could force highly contaminated
water surrounding pipes into the drainage system via joints and cracks in non-remediated sections, while
flow within the footer/backfill could enter the creek at points downstream.

5.1.3 'WEMA Soils and Groundwater
A 1980s investigation of subsurface Hg at Y-12 found high concentrations of Hg in shallow (<10 ft) soil

near Buildings 9201-2, 9201-4, 9201-5, 9204-4, and 81-10 but little evidence of deeper movement at most
sites (Rothschild et al. 1984). Uncertainty exists as to whether metallic Hg in soil near WEMA buildings
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is a significant source to the storm drain system, but some degree of intrusion is highly likely.
Alternatively, intra-building sources, including blocked floor drains, may be the most likely sources to
downstream storm drain lines. Broken or severely damaged conduits are necessary for soil Hg to enter
sewers. Mercury entering damaged storm drains is most likely from surrounding footers or fill material
and not from the surrounding native soils. Although some evidence of cracked and broken pipe exists, the
2009 WEMA storm drain project did not observe large sections of sewer with catastrophic damage.
However, very small pipes near buildings were not surveyed as effectively as larger sewer lines.

Groundwater connectivity among soil contamination, storm drains, shallow (soil-zone) groundwater,
construction-filled stream channels, and karst and nonkarst bedrock flow paths is important but not well
understood. Based on limited available information, groundwater within WEMA does not show strong
evidence of Hg mobilization from soil, with groundwater concentrations in wells at most contaminated
sites being lower than concentrations in storm drains and stream surface flow. Previous studies have
detected and delineated groundwater plumes of nitrate, sulfate, chloride, conductance, and alkalinity, but
little evidence exists of a significant plume of Hg-contaminated groundwater, although Hg has been
detected in groundwater wells (Rothschild et al. 1984, DOE 1998).

5.1.4 The 81-10 Site as a Source

Mercury contamination at the 81-10 site, situated above the Maynardville Limestone bedrock, extends
deeper than at sites situated above shale bedrock (Rothschild et al. 1984). This site was the location of a
Hg distillation/recycling system (i.e., a retort) and stored drums of Hg sludge. Metallic Hg that was
spilled on the concrete pad at 81-10 leaked into a sump that overflowed to the main storm drain (N/S
pipe) conveying water to EFPC (Turner et al. 1985). The 81-10 site is underlain by limestone that has
karst development. Metallic Hg spilled on-site may have penetrated into the karst system (Moline et al.
1998, Moline et al. 2001, DOE 2001). Also, the original creek channel adjacent to the 81-10 site (now
covered by the N/S pipe) could have been a losing reach that discharged water into the karst system. This
is similar to what is currently observed in Bear Creek, which is in the same geologic formation as
UEFPC. Metallic Hg in the footer underlying the original N/S pipe could thus act as a source to the karst
system. Dissolved Hg(0) and Hg(Il) were detected in a piezometer that may have encountered a solution
cavity more than 100 m downstream of OF200. Moline et al. (2001) suggested that a connection exists to
the Big Springs (karstic groundwater) discharge (OF51) adjacent to 9201-2 located 800 m downstream.
Overall, the data obtained to date suggest that some of the Hg-contaminated groundwater entering
BSWTS may originate from the 81-10 site and spills near 9201-2.

Soil and sediment cores were collected in 2010 at the 81-10 site to address characterization data gaps that
had been identified after previous studies and as a substitute for treatability studies called for in the
Record of Decision (DOE 2002; ORISE 2010). Mercury contamination was found in cores taken adjacent
to the remnant concrete slab of the former facility and, when present, tended to be localized to the upper
10 ft of soil. Soils surrounding the former 9822 Sediment Basin produced relatively low Hg
concentrations (<1 mg/kg), indicating that the basin is probably not a source of contamination to the
creek. Along the northern edge of the slab of the former retort furnace, however, high concentrations
(>300 mg/kg) were observed at moderate depths (14-30 ft), which are significantly above the level of the
basement rock. Visible Hg beads and droplets were observed in two of the cores collected during this
study, and Hg concentration up to 1,400 mg/kg was measured in a third. Mercury-contaminated soil with
concentrations greater than 325 mg/kg covers an estimated surface area of approximately 8,080 ft2.

As part of EM-32—funded projects, ORNL and Savannah River National Laboratory staff conducted
additional investigations of the 81- 10 site in 2010. ORNL staff conducted a detailed interrogation of two
cores showing that metallic Hg was associated with coarser, more gravelly zones, especially those on top
of low-permeability clayey zones (perhaps a historical surface grade) where the Hg pooled on top of the
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clay. These coarser-grained zones likely provide avenues for transport and downward migration of the Hg
beads.

Overall, there is clear evidence of significant Hg concentrations in soils near the 81-10 retort furnace, but
many questions must be answered before determining to what degree, if at all, the former 81-10 site
serves as a source of Hg to EFPC. If the conclusions of the 1980s studies are still valid and Hg from
81-10 moves through subsurface conduits to the Big Springs area, then 81-10 Hg is likely being treated
by BSWTS and is not a major current source of Hg to the creek. However, this may only be true to the
extent OF-51 is not a major source of Hg to the creek.

Considerable Hg concentrations were detected at OF-51, but it is unknown what proportion of that Hg
load may originate from 81-10.

5.1.5 WEMA Surface Soil Erosion and Wet-Weather Export

Studies of stormflow Hg transport in EFPC conducted in 1997 and 1998 clearly demonstrated that most
of the increased Hg flux associated with rainfall events originated from erosion/resuspension of fine
particulates from the open streambed downstream from OF200 rather than within the enclosed storm
drain network above the outfall (Lockheed Martin Energy Systems, Inc. 1997, BJC 1998, 1999, 2000).

Mercury concentrations on particulates at OF200 during elevated flow were typically low (<20 mg/kg),
whereas concentrations at downstream sites were 50—100 mg/kg. Similarly, storm flow-related Hg flux at
a site 5,000 ft downstream was five times higher than at OF200. Although Hg flux at OF200 increased in
response to increased discharge during wet weather, most of the increase was associated with greater flux
of dissolved Hg rather than inputs of particle-associated Hg expected from erosion of contaminated
surface soil. There was no indication that soil erosion from the Old Salvage Yard and other areas in the
west end of Y-12 was an important source of Hg to the N/S pipe or EFPC.

Various conduits leading from buildings to the storm drain network, such as floor and roof drains, have
the potential to contain residual deposits of metallic Hg. Increased flow in such pathways during rainfall
events can move metallic Hg downstream into the storm drain network or move metallic Hg already in
the storm drain system farther downstream. Periodic appearance of metallic Hg in junction boxes within
the storm drain network (and subsequent removal by Y-12 staff) gives evidence that such movement is
occurring.

5.2 EAST PLANT AREA

The principal Hg source areas, contaminant migration pathways, and discharge points for the East Plant
Area—defined here as the zone between OF200 (at the boundary of WEMA) and Station 17 near
Scarboro Road—are shown on Figure 3. Within the Y-12 facility boundary, UEFPC is within the eastern
part of the plant and receives a number of relatively low-concentration Hg inputs from storm drains,
process water lines, groundwater (including karst-related inputs via OF51), sheet flow/erosion, and a
treatment system discharge.

The East Plant Area appears to contribute a small percentage of the total flux to the creek compared with
inputs from WEMA via OF200 into the creek’s headwaters and contributions from the contaminated
creek sediment. This low-level flux from the East Plant Area (outside of bank soils) assumes continued
treatment of groundwater contamination in the area. A complicating factor is that east end sampling for
Hg in storm drains, apart from OF51 and BSWTS-related sampling, has been less comprehensive than
the sampling at WEMA. Most often, the available Hg data used in the conceptual model were from
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intermittent grabs during baseflow conditions, but several grab samples were collected between 2009 and
2018 at OF14, OF21, and OF109 on days with more than 0.5 in. of rainfall.

5.2.1 East Plant Area Buildings

The East Plant Area contains a number of buildings in which Hg was historically handled. Those
buildings include 9201-2 (Alpha 2), 9733-1, 9202, and 9733-2. Mercury has been detected within and
surrounding other buildings and soils in the east end but at much less significant levels. Alpha 2
represents a particularly difficult remediation challenge in the east end relative to Hg, with major losses
reported to surrounding soils, as well as major spills inside the building that seeped to the building’s
basement. Most of the building drain, sump, and groundwater issues identified for the WEMA buildings
are applicable to Alpha 2. A sump in the basement of Alpha 2 extracts Hg-contaminated water that is
pumped to BSWTS. The Hg in basement water is presumed to come from groundwater surrounding the
building, legacy Hg from spills in the building itself, and abandoned piping still in the facility. Soils
surrounding the 9733 area were partially remediated many years ago, but Hg(0) remains elevated. At all
of the Hg use buildings without dewatering sumps, residual Hg contamination exists within soil and
shallow groundwater beneath and adjacent to the buildings, but the extent to which this Hg finds its way
to storm drain or surface flow paths to the creek in this area is still not well understood.

5.2.2 East Plant Area Soil and Groundwater

The east end of the facility is influenced by a primary source of groundwater flow that travels from west
(within WEMA) to east. Soils and groundwater around the 81-10 site within WEMA contain high Hg
concentrations. Mercury in groundwater may flow from the 81-10 area into the east end of the facility
through preferential flow paths, including (1) karst conduits and fractures at intermediate and deep
intervals in the Maynardville Limestone, (2) the old UEFPC stream channel, and (potentially) (3) shallow
groundwater flow along pipes and porous fill areas.

The hydrogeologic system in the eastern area of Y-12 is complex since the various construction activities
in the eastern plant area have affected groundwater and surface water flow patterns. Mercury-
contaminated groundwater in this area is thought to be primarily captured by BSWTS. The amount of Hg
removed by the treatment system has far exceeded that which previously entered EFPC via OF51,
especially during the first few years of operation. OF51 has historically been the most contaminated
outfall exiting the East Plant Area into the creek and represents the bulk of known Hg-contaminated
groundwater still entering the creek. OF51 also receives BSWTS bypass flow that can be substantial
during high precipitation events. OF51 water historically contained a strong dissolved Hg(0) signal,
potentially linked to subsurface metallic Hg in the limestone solution cavity network (e.g., spills around
9201-2 or possibly from 81-10 or under N/S pipe).

Shallow groundwater in the East Plant Area is likely to be intercepted by storm drains, but the extent to
which groundwater is a Hg source to specific storm drains is not well known. No known Hg-
contaminated large springs or extensive seepage areas enter UEFPC (aside from Big Springs via BSWTS
and OF51) and, therefore, no known Hg groundwater sources directly enter the creek. If low-level inputs
exist, they are too small to be observed from changes in Hg concentration in water. Karst system
discharges flowing over spilled Hg(0) should have a strong Hg(0) component that would be readily
detectable above the very low concentrations of dissolved gaseous Hg in UEFPC. However, the complex
and rapid photooxidation chemistry of Hg(0) in water (half-life ~1 h) suggests that dedicated sampling
efforts might be needed to identify the possible diffuse sources of Hg to the creek. Additionally, given the
complexity of the subsurface environment in this area and the nature of karst geology, future construction
activities have the potential to dramatically change subsurface flow paths, and future additional inputs to
the creek are possible.
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5.2.3 East Plant Area Storm Drain System

As is the case in the WEMA, the East Plant Area storm drains themselves are sources of Hg to the creek,
either by trapping Hg at the bottom of pipes and catch basins or via cracks in pipes that allow infiltration
of contaminated groundwater. In the case of old and cracked storm drain lines, the pipe footer may be a
sink or trap for Hg during baseflow conditions and a source of additional flux during rain events. The
footers or spaces surrounding the storm drainpipe may be an additional, separate conduit for Hg-
contaminated water to the creek. Although in the east end of the facility individual storm drains contribute
a small percentage of the total flux to the creek, a number of storm drains have detectable Hg inputs to the
creek that may become more important sources to evaluate after MTF comes online and flux from OF200
is decreased.

5.2.4 East Plant Area Ungauged Flux

Ungauged sources can arise from (1) the infiltration of Hg-contaminated groundwater into the surface
flow, (2) dissolution of Hg(I1) and Hg(0) from within the streambed, and (3) desorption, dissolution,
and/or resuspension of Hg from stream-bank soils that slough off into the creek. Although Hg is found at
elevated concentrations in almost all earthen banks and sediment in UEFPC, the primary source of
ungauged Hg flux to creek water during baseflow is a highly contaminated sediment zone upstream of
OF109. Beads of Hg have been observed along with high concentrations of dissolved Hg within the
gravel substrate. Past studies suggest that surface flow from flow augmentation enters the contaminated
streambed to eventually reenter the surface flow at much higher Hg concentrations downstream
(Southworth et al. 2009, 2010a).

Recent studies of wet-weather export of Hg from the EFPC watershed found that most Hg exported from
the watershed under high flow originated from erosion of stream banks and streambed deposits
downstream from Y-12 (Southworth et al. 2010b, Watson et al. 2016, Riscassi et al. 2016). Virtually all
Hg exported under these conditions was particle-associated, but Riscassi et al. (2016) also found
increasing dissolved Hg with increasing discharge (and turbidity). Although wet-weather flows appear to
account for most of the total Hg export from the watershed, the continued baseflow input of dissolved Hg
originating within Y-12 sustains the day-to-day exposure of aquatic life in the stream.
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6. CONCLUSIONS AND RECOMMENDATIONS

Based on the current conceptual understanding of Hg sources, transport, and flux at Y-12 and UEFPC, the
following conclusions and recommendations should be considered during the environmental management
decision-making process relative to Hg.

6.1

CURRENT CONDITIONS

Of the known Hg inputs into UEFPC, OF200 continues to be the most important current source of Hg
to creck water. On average, including baseflow and stormflow conditions from 2009 to 2018, OF200
(measured at OF200A6) represents approximately 61% of the flux observed at Station 17. This is a
reduction from the 70%—80% reported in the previous conceptual model.

The highest concentrations in surface water across the UEFPC watershed continue to be in WEMA
outfalls, especially OF163 and OF160.

An increase in concentrations occurred throughout and downstream of WEMA in 2011 in response to
a storm drain cleanout.

The largest flux during baseflow and stormflow conditions occurred at OF163 in 2011 following the
storm drain cleanout. Leading up to the storm drain cleanout, annual baseflow flux was higher at
OF200A6 than at Station 17. Following the storm drain cleanout, this trend reversed until 2018.

A noticeable increase in Hg concentrations occurred at instream monitoring point UEFPC at OF125
immediately after flow augmentation was stopped. UEFPC at OF125 is the monitoring point with the
most complete data record between 2009 and 2018 that lies in between the flow augmentation creek
input and OF109.

A noteworthy spike in concentrations occurred in July 2018, potentially due to a one-time influx of
Hg that occurred during a D&D event at Y-12.

6.1.1 RECOMMENDATIONS

Further assessment is needed to understand the connections among periphyton, MeHg concentrations,
bioavailability, and bioaccumulation. Because of the role of periphyton in Hg methylation and
bioaccumulation, understanding the factors controlling periphyton growth and metabolic activity is
crucial to understanding Hg transformation and bioaccumulation in stream systems.

While under high flows much of the Hg has short residence time in the system (i.e., is transported
downstream), these flows mobilize a lot of Hg and replenish Hg in sediments and porewater.
Identifying and understanding these high flow transport pathways (that may be different than under
baseflow) is a critical need.

Transport pathway identification, delineation, and sampling is needed that includes measurement of
Hg concentration and flow under baseflow and stormflow conditions concurrently at multiple sites.

There is significant uncertainty associated with shallow groundwater movement near contaminated
buildings and interactions with preferred flow paths and subsurface infrastructure. Further study is
needed to understand interactions among storm drains, footers/backfill, and surrounding soil. Most
wells at Y-12 were not designed to help understand these processes.

23



The conceptual model for Hg identifies the major sources and transport pathways for Hg at Y-12, but
the many small sources of Hg identified in the model may also be important if the goal is to reach
very low Hg levels in stream water and fish. Additional Hg flux information is needed for these sites,
especially during high flow conditions.

In the complex Hg environment of Y-12 and UEFPC, conceptual models should be regularly updated
for effective environmental management decision-making. Comparisons with past Hg conceptual
models and Hg dynamics are useful in understanding how conditions and assumptions have changed
over time.
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